studied extensively in rodents by autoradiographic technics.';-' Since the temporomandibular joint and masticatory function in the rhesus monkey more clearly resemble the human situation, cellular dynamics in condylar growth as well as normal adult function in rhesus monkeys were studied. Autoradiography after administration of tritiated thymidine was used for this purpose.
Materials and Methods
A 412-month-old baby rhesus monkey (Macaca mulatta) with some erupted deci'duous teeth, a rhesus monkey approximately 3 years old with a mixed dentition,"I and a pregnant adult rhesus monkey (all permanent teeth fully erupted) carrying a 4-month fetus were used in this study. No dental treatment was performd on any of the monkeys.
The pregnant adult and the 3-year-old monkey were anesthetized with sodium pentobarbital, and 1 microcurie (jtc) of tritiated thymidine (specific activity 6.7 curies/millimole)/gm of body weight was administered intravenously. The baby monkey was given 1 1c of tritiated thymidine/gm of body weight by intraperitoneal injection.
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The baby monkey and the 3-year-old monkey were killed one hour and 15 minutes after injection of the isotope. The adult rhesus monkey was killed one hour and 42 minutes after injection of the isotope. Sections and autoradiographs were prepared according to previously published methods. I All the temporomandibular joints (including those of the fetus) were serially sectioned, and autoradiographs were prepared from three of every ten sections. One autoradiograph of every six in sequence was used to determine a radioactive index. The condyle was divided into five zones (Fig 1) to facilitate cell counting: Zone 1 is the articLilar zone, limited to the fibrous covering of the condyle. Zone 2 is the intermediate zone; undifferentiated cells are located below the fibrous covering of the condyle and immediately above the area of interstitial growth of cartilage cells. Zone 3 is the zone of differentiation and interstitial growth of cartilage cells, located immediately below the intermediate zone. Zone shown (origmag X230)) 1171 4 is the zone of maturing cartilage, which extends from zone 3 and contains maturing and mature chrondrocytes. Zone 5 is the zone of erosion of cartilage and new bone formation, which is the boundary area between bone and cartilage. It is characterized by calcification and replacement of cartilage by bone.
The validity of separating the condyle into growth zones was checked by counting labeled cells from five selected slides/condyle according to the coordinate system. This was done by placing a grid over the autoradiographs (Whipple micrometer disk) and recording the number and position of labeled cells relative to the grid. A mechanical stage with vertical and horizontal coordinates was used to record the position of each labeled cell, and the distribution of the labeled cell was plotted according to this coordinate system. Thus, zones of radioactivity relative to the growth zones of the condyle were obtained independent of the mnicroanatomy of the condyle.
Results Few labeled cells appeared in the articLlar zone (zone 3 ), regardless of the age of the monkey. The labeled cells were sporadically distributed and too few in number for com-pLutation of a radioactivity index. In contrast to the sparse labeling in the particular zone, the intermediate zone (zone 2) showed a high radioactive index (Table I) . It was easy to separate these two zones (Fig 2) on the basis of labeling, as well as morphology.
The radioactive index of the intermediate zone of the condyle specimens was highest in the fetus (Table I ) and decreased considerably with increase in age. The intermediate zone also was thickest in the fetus (Fig 3, top) . This vertical thickness also decreased with increase in (Fig 3, bottom) ; Only two labeled cells were tound inl the zone of dlifferentiation alnd interstitial growth of cartilage (zone 3). No labeled cells were observed in the zone ouf malture cartilage (zone 4).
The zone of erosion aind new bone formation at eatch age level (zone 5) showed the highest radioalctive index ( Table 2) . Althoulgh the number of labeled cells decreased with aige, a relatively high radioactive index wasl tound even in the adult monkey. The majority of the labeled cells were preosteoblalst.s, but al large number of labeled cells also appeared in aldjalcent newly forming bone-mdrrow s~paces.
Although the radioactive indexes for the intermediate zone (lzone 2) re lower than the indexes for the zone of erosion (zone 5), a comparison of Tables I and 2 appears to indicate that the rate of decrease with age is approximately the same for both zones.
The composite ofN plotted cells, according to the previously described grid method, provides a clear picture of the relative distribution of the labeled cells within the five zones of the condyle (Fig 4, A, B, C, The absence of labeled chondrocytes in ision provided a the zone of maturing and mature cartilage son of premitotic in short-term specimens was reported by Dale tion were mainly associated with labeled preosteoblasts, although in some instances other cells in the marrow spaces (Fig 7) mad,-it difficult to count the preosteoblasts and osteoblasts independently.
Although the radioactive index in this zone was highest in association with rapid growth of bone in the youngest specimen and decreased with age (Fig 8) , the activity of cells in this zone in the adult monkey appeared to be much higher than the activity in the intermediate zone. The adult monkey had not reached the age where condylar cartilage in monkeys practically disappears and becomes replaced by dense fibrous connective tissue,13 as has been also ..... described for full-grown humans.'4 Th cortical layer of bone that caps the condyle in older monkeys had not developed."1 The cellular dynamics in the condyle of older monkeys has to b2 more fully investigated before definite figures can be established for strictly renewal turnover of cells in this zone of the condyle.
Rccent histologic studies of the development of the temporomandibular joints in specimens from human beings',"i have reported morphologic features closely resembling our observations in the rhesus monkeys. Studies in monkeys allow the use of investigative technics, such as auttoradiography, which are unsuitable for studies in human beings. Morphologic similarities tend to encourage further studies of cellular dynamics by use of radioisotopes in rhesus monkeys, since it is probable that the physiology, as well as the anatomy, of the temporomandibular joint closely resembles that of human beings. Conclusions Two rhesus monkeys, aged 41/2 months and 3 years, and one adult monkey of unknown age carrying a 4-month fetus, were injected with tritiated thymidine and killed about 1 1/2 hours later.
Histologic sections and autoradiographs of the mandibular condyles of all the monkeys, including the fetus, were studied. The highest radioactive indexes were found in the intermediate zone of cartilage and in the zone of erosion and bone formation. The radioactive indexes of both these zones decreased gradually with age and appeared to be related both to growth and cell renewal. In the well-demarcated articular zone, there were a few scattered labeled cells of approximately equal number in all the age groups, which indicated cell renewal within this zone, independent of growth activity.
The histologic sections and the autoradiographs were prepared by Jean 1. Simons and Virginia W. Hartog, at the Veterans Administration Hospital. Ann Arbor.
Michigan.
